Abstract: A proof of concept heterodyne-enhanced chirped laser dispersion spectroscopy system is presented. In remote sensing systems, where low return powers are expected, the addition of an optical local oscillator and subsequent non-linear processing allows for improved performance.
With correlated phase noise due to turbulence Transferred phase noise Figure 1 . a) Implementation of the LO-enhanced CLaDS technique in a fiber-coupled system architecture with a fiber delay used to generate an effective frequency shift; b) Optical spectrum using dual-sideband CLaDS and an LO frequency shift less than the frequency offset (ȍ LO ȍ). The resulting difference frequency spectrum after mixing on the photodetector is shown. The anti-correlated signals at ȍ -ȍ LO and ȍ ȍ LO are used in further analysis to extract spectroscopic information from the sample.
The resulting photocurrent contains the conventional CLaDS beatnote of the frequencies in the sample channel as well as the beatnote between each of those sample frequencies and the LO. Due to the bandwidth of the photodetector, only difference frequencies are present in the signal after the square-law detection. The conversion of optical frequencies to RF beatnote signals is schematically shown in Fig.1b . Depending on the relationship between the values of ȍ LO and ȍ, the sample turbulence related phase noise in the LO-beatnotes (i.e. beatnotes at ȍ LO ȍ) is either correlated (for ȍ LO > ȍ) or anti-correlated (for ȍ LO < ȍ), as is the case in the system detailed in Fig.1 . To extract a spectroscopic signal in this configuration, the RF photocurrent is frequency doubled (either using an analog mixer or digital processing) to extract the sum frequency of the LO-signal beatnotes. The signal is frequency demodulated to extract the HE-CLaDS spectra (see Fig.2 ).
Experimental Results
A distributed feedback diode laser operating around 1650nm was used to target the R4 transition in 2Ȟ 3 overtone band of methane. A ~4m difference in fiber length between the LO and signal channels in conjunction with a laser chirp of 600MHz/Ps generated an effective frequency shift of ȍ LO §12MHz. The signal channel operated using DSB CLaDS with an EOM driven by an RF sine wave at ȍ *+]. The PD photocurrent was captured using a benchtop spectrum analyzer (Tektronix RSA5103A), which down-converted and digitized the input time-domain signal. The digital signal was then notch filtered to remove the direct DSB beatnote at ƺ (not enhanced by the LO), and then frequency doubled. Through this latter process the anti-correlated phase noise is removed by the sum frequency generation; an effect that can be seen in the beatnote widths of 350 kHz in Fig.2b and only 81 kHz in Fig.2c . After the digital mixing, the resulting signal is frequency demodulated to reveal the CLaDS spectra ( Fig.2.d) . 
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Conclusion
This proof of concept demonstration of a LO-enhanced CLaDS architecture indicates potential for improved noise performance for phase-sensitive, remote sensing systems, while preserving the turbulence-induced phase noise cancelation achieved through the use of co-propagating optical signals. Preliminary results show a clear reduction in phase noise of the received beatnotes after subsequent sum frequency generation. Quantitative analysis of the noise performance and an alternative method of generating the LO frequency shift using a fiber-coupled AOM will be discussed at the conference.
